Oscillation criteria for nonlinear difference equations (Functional Equations in Mathematical Models) by 杉江, 実郎 & 小野, 裕司
Title Oscillation criteria for nonlinear difference equations(Functional Equations in Mathematical Models)
Author(s)杉江, 実郎; 小野, 裕司




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University






, $p(n)$ , $g(x)$
(2) $xg(x)>0$ if $x\neq 0$
, $k$ 1 (1) l
, , $k+1$ $x(-k),$ $x(1-k),$ $x(2-k),$ $\cdots,$ $x(0)$
, $k+1$ , (1) ,
$n\geq 1$ $\{x(n)\}$ (1)
(1) $\{x(n)\}$ , $N\in \mathrm{N}$
$x(n)x(n+1)\leq 0$ $n\geq N$ , $\{x(n)\}$
, $n\geq N$ $x(n)x(n+1)>0$ $N$
$(1.)$ $g(x)=x$ , (1)
(3) $x(n+1)-x(n)+p(n)x(n-k)=0$
(3) ([1-4, 6, 8])
, Erbe and Zhang [2] Ladas, Philos and Sficas [4]




Theorem B. $p(n)$ li
(5) $\mathrm{s}\mathrm{u}\mathrm{p}p(n)\leq\frac{k^{k}}{(k+1)^{k+1}}$
, (3)
Theorem A Theorem $\mathrm{B}$ , (3) $p(n)$
$k^{k}/(k+1)^{k+1}$ , Ladas, Philos and Sficas [4]
1309 2003 173-180
173







, (3) , (6)
, ([5, 6, 8, 9]) ,
, (3) ,




, (1) , Erbe and Zhang [2]














, (9) , $L$











, $\Delta x(n)=x(n)-x(n-1),$ $\Delta y(n)=y(n)-y(n-1)$
$\text{ }$ , (12) , $k$ $(x(-1), y(-1)),$ $(x(-2), y(-2)),$ $\cdots$ ,
$(x(-k), y(-k))$ , (12)
$\{(x(n), y(n))\},$ $n\geq 0$ , (12) $x-y$
$\{P_{n}\}$ , $P_{n}$
$P_{n}=(x(n), y(n))$ , $n\geq-k$
$\{P_{n}\}$ (12)
Theorems 1-3 , (12) $P_{n}$
$\{\mu(n)\}$ $\{\mu(n)\}$
, $\text{ }$
Theorem 1 , ,
Theorems 2-3 , ,










Theorem 2. $n\geq N_{2}$
(16) $p(n)\leq p^{*}$
$p^{*}\geq 0$ , ( ) $x$
(17) $\frac{g(x)}{x}\leq\lambda$
$\lambda$ , $p^{*}$ $\lambda$
(18) $p^{*} \lambda\leq\frac{k^{k}}{(k+1)^{k+1}}$
, (1)
Theorem 2 (1) , 1









$\epsilon$ , $\lambda>k^{k}/(k+1)^{k+1}$ ,
Theorem 1 (14) , $p(n)\equiv 1$ , $p_{*}=1$ ,
(13)
$p_{*} \lambda>\frac{k^{k}}{(k+1)^{k+1}}$
, (15) , Theorem 1 (19)
Theorem 1 Theorem 2 , (1)
, $k^{k}/(k+1)^{k+1}$
, $k$ (1) ,
176
$k$ , ( $\mathfrak{y}$
$k^{k}/(k+\mathfrak{y}^{k+1}$ , $karrow x$
$\frac{k^{k}}{(k+1)^{k+1}}=(\frac{k}{k+1})^{k}\frac{1}{k+1}=(\frac{1}{1+\frac{1}{k}})k\frac{1}{k+1}$
$= \frac{1}{(1+\frac{1}{k})^{k}}\frac{1}{k+1}arrow 0$
, , , $k=1$ , (18)
(1) , $g(x)$




, Theorem 1 Theorem 3
, ,
Example 2.
(22) $x(n+1)-x(n)+ \frac{1}{16}(x(n-1)+3\sin x(n-1))=0$
, $p^{*}=1,$ $\lambda=1/4$ , (16), (20) (21)
, $p(n)\equiv 1$ , (16)
,
1’ 4 $\backslash$ - - ’
$g(x)=-(x(n-1)\overline{16}+3\sin x(n-1))$
, (2) , $x\neq 0$
(23) $\frac{g(x)}{x}=\frac{1}{16}(1+\frac{3\sin x}{x})\leq\frac{1}{4}$
, (20) , $p^{*}$ $\lambda$ ,
(21) , Theorem 3 , (22)
177
, $p(n)$ $g(x)$ , $k$
Example 3.
(24) $x(n+1)-x(n)+ \frac{1}{16}(x(n-2)+3\sin x(n-2))=0$
, $p_{*}=1,$ $\lambda=1/5$ , (13), (14) (15)





, (14) $|x|\leq\pi/3$ , $k=2$
$p_{*} \lambda=\frac{1}{5}>\frac{4}{27}=\frac{k^{k}}{(k+1)^{k+1}}$
, (15) , Theorem 1 , (24)
2 , Example 2 ,
, Example 3
, 2 , Theorem 1 Theorem 2











Theorem 4 , (3) Theorem $\mathrm{C}$ ,
Theorem 2 , (3) Theorem $\mathrm{D}$
, 1
, Theorem 2 ,
$\psi(u)=\frac{1}{k+1}\{1-(\frac{k+1}{k})^{k}u\}^{k}$
, $\Omega$
$\Omega=\{(u, v)$ : $\frac{k^{k}}{(k+1)^{k+1}}\leq u\leq(\frac{k}{k+1})^{k},$ $0\leq v\leq\psi(u)\}$






$N$ , $m=0,1,2,$ $\cdots$
(27) $p(N+m(k+1)+i)\lambda\leq\gamma_{2}$ , $i=1,2,$ $\cdots,$ $k$
, (1)





, $p(n)$ $n=0,1,2,$ $\cdots$
$p(3n)= \frac{4}{9}$ , $p(3n+1)=0$, $p(3n+2)=0$






, (8) , (28)
Theorem 5
, $\gamma_{1}=4/9,$ $\gamma_{2}=0$ , $(\gamma_{1},\gamma_{2})$
, $\Omega$ , (26), (27) ,






[1] $\mathrm{S}.\mathrm{N}$ . Elaydi, “An Introduction to Difference Equations 2nd ed.”, Springer-Verlag,
New $\mathrm{Y}\mathrm{o}\mathrm{r}\mathrm{k}/\mathrm{B}\mathrm{e}\mathrm{r}\mathrm{l}\mathrm{i}\mathrm{n}/\mathrm{H}\mathrm{e}\mathrm{i}\mathrm{d}\mathrm{e}\mathrm{l}\mathrm{b}\mathrm{e}\mathrm{r}\mathrm{g}$ (1999).
[2] $\mathrm{L}.\mathrm{H}$ . Erbe and $\mathrm{B}.\mathrm{G}$ . Zhang, Oscillation of discrete analogues of delay. equations,
Differential Integral Equations, 2(1989), $300rightarrow 309$ .
[3] I. Gyori and G. Ladas, “Oscillation Theory of Delay Differential Equations”, Claren-
don Press, Oxford (1991).
[4] G. Ladas, Ch G. Philos and Y. G. Sficas, Sharp condition for the oscillation of delay
difference equations, J. Appl. Math. Simulation 2(1989), 101-112.
[5] Zhiguo Luo and Jianhua Shen, New oscillation criteria for delay difference equations,
J. Math. Anal. Appl., 264 (2001), 85-95.
[6] J. Shen and I. P. Stavroulakis, Oscillation criteria for delay difference equations,
Electron. J. Differential Equations., 10 (2001), 1-15.
[7] J. Sugie and Y. Ono, Phase plane analysis in oscillation theory of nonlinear delay
difference equations, preprint.
[8] $\mathrm{X}.\mathrm{H}$ . Tang and $\mathrm{J}.\mathrm{S}$ . Yu, $A$ further result on the oscillation of delay difference eqena-
tions, Comput. Math. Appl., 38 (1999), 229-237.
[9] $\mathrm{X}.\mathrm{H}$ . Tang and $\mathrm{J}.\mathrm{S}$ . Yu, Oscillation of nonlinear delay difference equations, J. Math.
Anal. Appl., 249 (2000), 476-490.
180
